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(57) The invention relates to a plurality of user 
equipment (A, B, ...X) and to a piece of headend equip- 
ment (1 ) which are connected via the electrical network 
(2) by means of an ascending channel and a descending 
channel. The inventive method essentially offers the fol- 
lowing: access to multiple pieces of user equipment (A, 
B,..X)viathe ascending channel andthesending of mul- 
tiple information frames sent by the headend equipment 
(1 ) via the descending channel, in a simultaneous man- 
ner using OFDMA/TD MA/CDMA multiplexing; a criteri- 
on that is used to dynamically assign each carrier in 
such a way as to maximise the transmission capacity of 
both the ascending channel and the descending chan- 
nel; a quality of service that can be adapted according 
to the type of information and the user requesting the 
transmission; and a dynamic allocation of the bandwidth 
by means of a calculation and the constant monitoring 
of the signal/noise ratios. 
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Description 

OBJECT OF THE iNVENTION 

[0001] The present invention, as described in tine title, 
refers to a process for multiple access and multiple 
transmission of data in a multi-user system for tine point 
to multipoint digital transmission of data over the elec- 
tricity networl<. This process specifies the methods cho- 
sen to control access to the electricity network as a 
means of transmission via the downstream channel 
(from a head-end kit to various user kits) and, upstream 
channel (from the user kits to the head-end kit). The 
process of this invention has been designed specifically 
for a system such as that described in the invention with 
Patent application Number 200003024, entitled: "point 
to multipoint system and process for the transmission 
over the electricity network of digital data", however, this 
does not rule out its use in other systems and structures 
that support such an application. 
[0002] The main purpose of the present invention is 
to maximize the transmission capacity, or put another 
way, the bandwidth that each user can extract from an 
electricity distribution network. 

[0003] The technical field of the invention lies in the 
telecommunications sector, more specifically, in the field 
of two-way communication between a head-end and 
various users using the electricity network as the means 
of transmission. 

BACKGROUND OF THE INVENTION 

[0004] The use of the electricity network as a means 
of communication is know in the prior art, but due to its 
poor performance, its use as a data transmission net- 
work has been limited to point-to-point communication 
at very low speeds. 

[0005] This is due, among other reasons, to the fact 
that in the electricity network the connection and discon- 
nection of apparatus generate voltage peaks and im- 
pedance variations on the line causing serious loss of 
signal that varies in function of frequency and time. 
[0006] Furthermore, various obstacles impede the es- 
tablishment of communication between a head-end and 
multiple users, due to the many impedance changes in 
the different frequencies and the production of reflec- 
tions that cause the signal received to be a combination 
of the transmitted signal and a series of echoes that cir- 
culate through the electricity network with different at- 
tenuations and delays for each one of the users on the 
received signal. 

[0007] Furthermore, attenuation, noise, and channel 
response vary dynamically both in frequency and in 
time. 

[0008] All these obstacles limited the use of the elec- 
tricity network for full-duplex, high-speed point to 
multipoint communication, until the appearance of the 
patent P-200003024, as referred to previously, that sup- 



ports a system where various user kits and a head-end 
are in two-way communication via the electricity net- 
work, one channel being the upstream from the users 
to the head-end, and the other the downstream going 

5 from the head-end to the user kits, including a medium 
access control module (IVIAC) in each one of the kits to 
maximize the quantity of information that the user kits 
can transmit and minimize time latency in these user kits 
while the division of the electricity network for the up- 

10 stream and downstream channels is made by means of 
duplexing by division in frequency and/or by means of 
duplexing by division in time and where both head-end 
and user kits include the means to adapt the corre- 
sponding digital transmission to the electricity network. 

15 [0009] The system supported by the patent P- 
200003024 as already mentioned, adequately resolves 
the inconveniences referred to previously, being never- 
theless capable of incorporating diverse processes, 
among which is the process described in the present 

20 invention. 

[0010] On the other hand, other means of communi- 
cation for the transmission of data are known in the 
background art, such as the use of the twisted pair in 
telephones to establish point-to-point or point to 

25 multipoint communication. 

[0011] In this context we cite US Patent Number 
5.673.290 wherein a method of transmission point-to- 
point is described that consists of communication via a 
downstream channel determined by a link from the 

30 head-end to various different users, and communication 
via the upstream channel determined by a link from the 
user to the head-end, whereby the communication is 
made possible using a discrete digital multi tone (DIVIT) 
transmission system and providing the coding of the dig- 

35 ital data and the modulation of the codified data over the 
discrete multi-tone signal. 

[001 2] Furthermore, the communication line is super- 
vised to determine at least one line quality parameter, 
including noise levels in each one, and includes a mul- 

40 titude of subchannels each one corresponding to an as- 
sociated sub carrier tone. The modulation system is de- 
signed to take various factors into account including de- 
tected line quality parameters, the parameters of sub- 
channel gains, and a masking parameter of permissible 

45 power when modulating the discrete multi tone signal. 
The modulation system is also capable of dynamically 
updating the subcarriers used and the quantity of data 
transmitted in each sub carrier during transmission to 
adapt in real time to changes in individual subcarriers. 

50 [001 3] In applications susceptible to interference, the 
associated bandwidths can be simply masked or si- 
lenced to prevent interference in either direction, and 
therefore, the signals are transmitted by subcarriers with 
frequencies above or below the most significant noise 

55 levels. 

[0014] Furthermore, in this US Patent N° 5.673.290 
the transmission occurs in base band and the conjugat- 
ed real hermitian transfonnation of the transmissible in- 
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formation is used (real Fast Fourier Transform). Due to 
tlie characteristics already described, this transmission 
method cannot be applied to transmission over the elec- 
tricity network. 

[0015] Furthermore, the method described in this US 
Patent refers to point-to-point communication, there- 
fore, neither its use over the electricity network nor the 
possibility for full duplex point to multipoint communica- 
tion can be inferred. 

[0016] On the other hand, point to multipoint commu- 
nication systems exist such as that described in the PCT 
Patent Number WO96/37062 where the transmission 
line can be coaxial cable, fibre optic or similar, which use 
orthogonal frequency division multiple access modula- 
tion system (OFDM), a modulation system that is well 
known in the background art, and to which a cyclic prefix 
is added to each OFDM symbol to alleviate the defects 
of the multi path propagation as is well known in the state 
of the art. The use of the cyclic prefix with the OFDM 
modulation can be encompassed by the DMT modula- 
tion used in the previous document and is also widely 
used in the state of the art. 

[0017] This POT document describes how channels 
are established over respective sub-carrier groups, so 
that each user is assigned a specific group of tones so 
that the hardware and the complexity involved in realiz- 
ing the discrete Fourier transformation is substantially 
reduced, however, as a fixed system it does not allow 
the assignation of different subcarriers to the users de- 
pending on the prevailing frequency and time conditions 
in each channel, even when, as described in the case 
of US Patent No 5.673.290, the individual subcarriers 
can be connected or disconnected to avoid interferenc- 
es. 

[0018] Furthermore, it uses a remote loop to correct 
the frequency of local oscillators of the various user mo- 
dems. 

[0019] We can also cite US Patent Number5.81 5.488 
and US Patent Number 5.828.660 regarding point to 
multipoint communication. 

[0020] These documents do not have a description of 
the adaptation for the transmission using the electricity 
network. 

[0021] Furthermore, none of the documents previous- 
ly cited concern the transmission for multiple users, or 
how to maximize the throughput of the upstream and 
downstream channels in the electricity network. 

DESCRIPTION OF THE INVENTION 

[0022] To achieve the objectives and avoid the incon- 
veniences indicated in the previous paragraphs, the cur- 
rent invention comprises a process for multiple access 
and the multiple transmission of data for a multi-user 
system for point to multipoint digital transmission of data 
over the electricity network. This system includes vari- 
ous user kits and a head-end kit in two way communi- 
cation over the electricity network, where: the upstream 



channel runs from the user kits to the head-end and the 
downstream channel runs from the head-end to the user 
kits; each one of the kits contains a medium access con- 
troller (MAC) to maximize the quantity of information that 
5 the user kits can transmit and to minimize time latency 
in these kits; and where the electricity network is divided 
for the upstream and downstream channels by frequen- 
cy division duplexing (FDD) and/ortime division duplex- 
ing (TDD). 

10 [0023] The novelty of the current process comprises: 

access by various user kits in the upstream channel 
and the simultaneous sending of various informa- 
tion packets by the head-end in the downstream 
15 channel by means of multiplexing OFDMA/TDMA/ 
CDMA (multiplexing by orthogonal frequency divi- 
sion, multiplexing by time division and/or multiplex- 
ing by code division); 

criteria to dynamically assign each carrier in the 

20 OFDM system (multiplexing by orthogonal frequen- 
cy division) to the user and among the users with 
information to send at that moment with greater 
transmission capacity at this carrier (more bits per 
carrier or better signal-to-noise ratio) so as to max- 

25 imize the transmission capacity in both the up- 
stream and downstream channels, that is, to equal- 
ize or level the response in frequency observed by 
the head-end in both emission and in reception; 
adjust quality of service (QoS) depending on the 

30 type of information and the users that require the 
transmission, where this quality of services is 
adaptable according to the frequency response at 
different moments and to the different distances be- 
tween the user kits and head-end kit; 

35 - dynamically assign available bandwidth between 
the various communication requests by constantly 
calculating and monitoring the signal-to-noise ratio 
observed by the user kits and by the head-end kit 
in the whole bandwidth of the system. 

40 

[0024] With this the transmission resources are dis- 
tributed (that is all the carriers in the OFDM system) ac- 
cording to the transmission needs of each user at each 
moment, the quality of service parameters established 

45 for the user the criteria to maximize the total capacity 
of the system and the criteria to minimize transmission 
latency, using for this the redistribution of the carriers of 
one symbol between the users (OFDMA), in time (TD- 
MA), that is symbol to symbol, and by code (CDMA), 

50 optimising said redistribution by constant monitoring of 
the quality parameters for the electricity line, which vary 
over time. 

[0025] The process of this invention presents the 

means to maximize, that is, equalize or level the fre- 
55 quency response given by the head-end kit both in emis- 
sion and reception, due to the factthatthe electricity line 
acts as a selective channel in frequency between one 
point and another, causing certain frequencies to dem- 
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onstrate greater signal-to-noise ratio and therefore 
greater transmission capacity tlian others, so that for 
some users some frequencies will be those that dem- 
onstrate greater signal-to-noise ratio, while for other us- 
ers, the frequencies will be different. The means to max- 5 
imize, as mentioned, preferably consist of: 



Vi=[vM,Vi2...vJ, 

where N is the total number of carriers utilized in the 
communication link which refers to the vector and Vjjj 
represents the number of usable bits per carrier in the 20 
communications from or to the user j (depending on 
which link is referred to) in the carrier ^ from the point of 
view of the head-end. 

distribution of the carriers between the users with 25 
information to send so as to maximize the norm one 
for this vector: ||v||, where v is the vector of bits per 
carrier (or dimension of the constellation or each 
carrier) that each head-end kit uses in the current 
symbol, both in the upstream and the downstream; 30 
grouping of the total number of carriers N, of the 
upstream and downstream in subchannels of M car- 
riers to simplify the calculation of the algorithm and 
the implementation, so as to reduce the dimension 
of vector space, generating a vector space with the 35 
dimensions N/M, where the values of the coordi- 
nates is the sum of all the carriers in the sub-chan- 
nel, and giving as a result the capacity of transmis- 
sion per OFDM symbol that each user sees in the 
each sub channel; 40 
adjust the width of the subchannels to the coherent 
bandwidth, defined as the difference of the frequen- 
cies between the frequency position of the first and 
last carrier in which the variation in the frequency 
response in these carriers is less than a certain 45 
threshold. 

[0026] According to a preferred embodiment of the in- 
vention, the head-end MAC includes an arbitration block 
or arbiter responsible for the dynamic distribution of so 
bandwidth in the upstream and downstream channels 
for the various communications from the user kits, 
where the criteria used by this arbiter to dynamically as- 
sign the transmission bandwidth are those previously 
described, and for which the following means are em- 55 
ployed: 

packet oriented transmission, preceded by a head- 



er indicating to which user the transmission is di- 
rected and in which conditions; 
upstream and downstream channels are divided in- 
to subchannels so that users are multiplexed to 
maximize bandwidth transmission for both the up- 
stream and downstream channels; 
dynamic assignation of carriers to the various users 
varying overtime, so that: 

o in the downstream link the headers of each 
packet sent by thesub channel indicate, among 
other things, the destination, the size and the 
constellation used, therefore the users must be 
capable of detecting and understanding all the 
headers received by whatever sub channel, 
while only demodulating the information from 
the packet directed to them when they know the 
vector of bits per carrier used in the modulation; 

o in the upstream link, apart from the division in 
subchannels adjusted to the coherent band- 
width, division in time occurs such that a SLOT 
is defined as the number of symbols in the up- 
stream channel between two allocation mes- 
sages of these SLOTS (SAM), and which con- 
stitute the units used by the arbiter to assign 
resources to the users, where these resources 
are periodically assigned by sending SLOT al- 
location messages (known as SAM) by the 
downstream link towards a user kit, which may 
include on one or more SLOTS and which are 
periodically sent a determined number of sam- 
ples before the SLOTS to which they refer (that 
is, they precede them temporarily), so that if the 
number of symbols of a SLOT is small then the 
latency floor that can be obtained is also small 
but the complexity of the system is greater as 
is the cost of the transmission capacity in the 
upstream channel in resources allocation mes- 
sages (SAM) ; 

o continuous measuring of the signal-to-noise ra- 
tio for each user in all channels both upstream 
as well as downstream, to continually update 
the capacity of the transmission for all users in 
each one of the subchannels; 

o continuous information regarding which users 
wish to make transmission and in what quanti- 
ties by means of interrogation (POLLING) 
SLOTS and resource petition messages (MPR) 
respectively, where the upper layers of the 
head-end in the upstream are those that inform 
the ariDiter of the quantity of infonnation pend- 
ing transmission and from which users; and, 

o infomiation on the QoS (bandwidth and laten- 
cy) defined for each user in function of the 
channel capacity and the number of users 
hanging from the head-end kit, so that the 
number of SLOTS continuously assigned to a 
single user can be limited in cases where van- 



specification of a vector space of equal size to the 
number of carriers in the OFDM channel, where the 
elements that make up this space are the number 10 
of bits per carrier that each user can see in each 
one of the carriers or the dimension of the constel- 
lation used in each carrier. 
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ous users want to transmit at a given moment, 
thereby maintaining equality of access for us- 
ers in the upstream connection. 

[0027] When the head-end l<it wants to transmit to one 
or more user kits via the downstream channel, the arbi- 
ter block dynamically distributes bandwidth, using one 
or more of the subchannels referred to, and it advises 
of the users how to use this or these subchannels by 
means of the headers in the information packets sent 
by the subchannels, so that each user kit decodes the 
corresponding data when it detects that one of the said 
headers refers to a packet directed to it (a user kit can 
receive more than one packet from various distinct 
subchannels), the header being able to indicate the 
transmission of a new packet to the user or that the sub 
channel where the header is sent will be used to accel- 
erate the transmission of a packet sent previously by 
another sub channel or subchannels to the same user, 
by means of aggregating the carriers of this new sub 
channel and those already used for the transmission of 
the previous packet. 

[0028] Headers sent by the subchannels in the down- 
stream connection are modulated preferably with mod- 
ulations that have limited signal-to-noise ratio require- 
ments for their decoding, preferably DPSK (differential 
phase modulation) and/or QPSK (quadrature phase 
modulation), along with correction codes/ error detec- 
tion and frequency diversity (sending of the same infor- 
mation in different carriers) and/or time diversity (send- 
ing the same information at different moments) to in- 
crease the probability of correctly decoding the said 
header. 

[0029] Furthermore, the headers already referred to 
include all the information necessary forthe appropriate 
information packet, such that the destination, packet 
types, the use of diversification in frequency and/or in 
time, if the packet is destined for one user or for various 
users (MULTICAST mode) and/or all users (BROAD- 
CAST mode), the modulation used for each carrier, if 
FEC redundancy has been employed (code correction 
redundancy/error detection) to protect the information 
packet, and/or if the sub channel to which the header is 
sent will be used to accelerate the transmission of infor- 
mation from a packet sent previously by another sub 
channel, or other information. 

[0030] On the other hand , the SLOTS previously men- 
tioned, into which the upstream connection is divided, 
may be used by the user kits for: 

the transmission of requests to interrogation mes- 
sages (POLLING); 

the transmission of resource petition messages 

(MPR), 

the transmission of data including one or all of the 
following: 

o synchronization sequences. 



o equalization sequences, 
o sequences to estimate signal-to-noise ratio, 
and/or 

o data on information that the user wants to send 
5 to the head-end. 

[0031] In the upstream connection the arbiter includes 
the means to provide each user kit the most adequate 
bandwidth in variable form, offering more or less SLOTS 

10 according to parameters such as the amount of infor- 
mation to be sent, the quality of service requested, the 
type of information to be sent, the signal-to-noise ratio 
observed by the users in the SLOTS conceded, and oth- 
ers, by means of an optimum assignation algorithm of 

15 SLOTS and communicating the decisions taken by said 
arbiter to the user kits using SAM messages, 
[0032] The method used to communicate decisions 
on the distribution of SLOTS in the upstream connection 
as taken by the arbiter of the head-end is the sending 

20 of assignation messages SAM by the downstream con- 
nection to each user kit, and that can include information 
on one or various SLOTS, is sent periodically and al- 
ways with a determined number of samples before the 
SLOTS to which they refer (that is, they temporarily pre- 

25 cede them) including at least: 

the indication of the user or users to which each 
SLOT is given, 

the use to which each SLOT is to be put, 
30 - the number of symbols inside the SLOT that will be 

given to each user, 

the number of the symbol starting from which each 
user may use the SLOT, 

information on the modulation that must be used for 
35 the transmission of data, preferable QPSK or a con- 
stellation negotiated with the head-end kit for a de- 
termined error rate in function of the signal-to-noise 
ratio of the channel; 

40 it may also include: 

confirmation of reception of resource petition mes- 
sages (MPR), 

restriction of access to determined user kits, 
45 - the correction of detours in the temporal transmis- 
sion window of the user kits, 
information on power control, 
the type and number of data to be sent by the user, 
that is if 0 or more equalization or synchronization 
50 symbols are to be sent and an estimation of the 
sound/noise and/or information data. 

[0033] Preferably these SAM messages are coded 
with some extra protection against errors, such as codes 
55 with a greater capacity for correction/detection of errors, 
diversity in frequency or time, and other systems. 
[0034] Furthermore, in the downstream channel, the 
arbiter undertakes the distribution function taking into 
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account parameters such as the signal-to-noise ratios 
(or the frequency response) that the user kits observe 
in the subchannels, the message priority, the quantity of 
information, among others. The users decode the head- 
ers sent via the downstream connection and decide if 
they must tal<e the data sent by the same sub channel 
as the header, starting from the information on the des- 
tination, including said header. 

[0035] The arbiter may order the use of one or more 
additional subchannels for the corresponding dispatch, 
or to increase the bandwidth of a user, the objective be- 
ing to speed up the transmission of the packet referred 
to, assigning more than one sub channel to transmit 
more than one packet of information at a time, indicating 
either of these decisions by means of the header in the 
messages dispatched. 

[0036] The arbiter may distribute the users on the var- 
ious subchannels, in both the upstream and the down- 
stream, such that the bandwidth used is maximised at 
each moment, based on the frequency response that 
each user may observe in the various subchannels. 
[0037] In the upstream and downstream channels, at 
the time of assigning resources the arbiter uses QoS as 
one of the criteria to minimize latency, that is, each user 
kit transmits as soon as possible after placing an access 
request in the upstream connection, or that a packet is 
transmitted from the head-end kit to a user as quickly 
as possible. 

[0038] The MPR message, previously referred to, is 
preferably a relatively short control message informing 
when a user kit wants to transmit data and as an option, 
on the size of the information block to be sent and the 
quality of service required by the user kit during the fol- 
lowing moments: 

when a SAM message received by the user kit in- 
dicates that the next SLOT assigned to said kit is 
the last in a series of data transmission SLOTS, the 
user kit will use part of the SLOT to send an MPR 
message in case that it has more data to transmit, 
when the user kit has not more data to send and still 
has SLOTS assigned, in this case the correspond- 
ing MPR message will indicate to the head-end not 
to assign more SLOTS and to reassign the remain- 
ing SLOTS to other user kits, 
when a user kit is assigned a SLOT (by means of a 
SAM) dedicated to the petition of resources (MPR), 
so that the user kit(s) that want to transmit, will send 
their MPR in this SLOT (using a small part of this 
randomly or by means of a determined algorithm 
that taking into account the type of user, the type of 
information and other parameters); and so that the 
head-end kit detects possible collisions when vari- 
ous user kits coincide in the petition of resources in 
the same zone of the SLOT, such collisions are re- 
solved by means of algorithms known in the prior 
art or by leaving the user kits retransmit their posi- 
tions in later interventions until competition between 



users is resolved. 

[0039] POLLING SLOTS allow a maximum number of 
users to be questioned regarding whether or not they 

5 have information to transmit by means of an interroga- 
tion algorithm the purpose being that the same user kits 
are not always those questioned when said maximum 
number is surpassed, and are included in the head-end 
as a means to classify the user kits into various catego- 

10 ries depending on the activity that the users demon- 
strate, and to obtain this information the head-end as- 
signs interrogation SLOTS (POLLING) to those users 
on whose activity it requires information and these re- 
spond in the part of the SLOT allocated to them when 

15 they have information to send. 

[0040] When a user kit has data to send it waits until 
a message (SAM) announces that one of the following 
SLOTS is destined for POLLING or MPR, so that if it 
receives a POLLING SAM the following steps are un- 



the user kits verifies certain bits in the SAM that in- 
dicate if it belongs or not to the group of users than 
may use the next POLLING SLOT, 
the SAM message indicates the positions in which 
the user kit must reply to the resource request, 
these positions being determined by the head-end 
kit that constantly monitors the signal-to-noise ratio 
and that can be seen by user kit in the various car- 
riers (available frequencies for the upstream com- 
munication); 

the POLLING SLOT is divided into various valid 
zones that are small portions of time/frequency, and 
the user kits select the zone indicated by the SAM 
so as to avoid a collision of petitions; 
the user kit sends a POLLING message in the se- 
lected zone; and 

if the said POLLING has been received in the head- 
end kit, the user kit will later receive SAM messages 
assigning SLOTS; while if it has not received them, 
the user kit will have to wait until there is a new 
POLLING SAM; however, if it has received an an- 
nouncement of an MPR SLOT in a SAM, the user 
kit will send the MPR message in said SLOT where 
apart from the necessity to transmit, it indicates, 
preferably, the size of the information that it wants 
to send, the priority, the QoS required, the form in 
which said information may be decoded by the 
head-end and if it can be used to optimise the algo- 
rithm for the assignation of arbitrage SLOTS; hav- 
ing foreseen that if the head-end detects collision it 
will begin an algorithm to resolve this collision or 
wait for the user kits to transmit their petition in an- 
other MPR SLOT or POLLING (since the arbiter 
does not grant any data transmission SLOT in the 
following SAM). 

[0041] In one preferred embodiment of the invention, 
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the user kits follow the decisions taken by the head-end 
regarding the nnoment to transmit, the carriers to be 
used, the type of modulation and other parameters, ac- 
cording to the following process: 

having correctly received the transmission requests 
from a user kit, the head-end assigns sufficienttime/ 
frequency SLOTS starting from an estimation made 
according to the activity, transmission capacity, 
quality of service and other parameters of the user 
kit that made the petition and according to the sig- 
nal-to-noise ratio monitored in the sub channel, the 
arbiter being responsible for the distribution of 
SLOTS between the users that made the petition to 
send data with the algorithm previously mentioned; 
when a user kit detects, by means of demodulation 
and decoding the SAM message that one or more 
SLOTS are destined for it, it undertakes the follow- 
ing operations: 

o checks the type of each one of the SLOTS as- 
signed and the modulation that must be used 
in each carrier of each SLOT, the SAIVl mes- 
sage being responsible for the communication 
of this information according to that assigned 
by the arbiter; 

o calculates how many bits it will be able to trans- 
mit in total (and extracts the data from its mem- 
ory), these being information on data, equaliza- 
tion, synchronization, estimation of sound/ 
noise or any other combination of these, as is 
indicated in the SAIVl message assigned to this 
SLOT; 

o waits until the start symbol begins on the part 
of the SLOT that must transmit and undertakes 
the transmission of data using the modulation 
selected; 

o if any of the SLOTS assigned is of the type di- 
versity in time or in frequency, the user kit must 
transmit the modulated infomnation in secure 
form (preferable QPSK) repeated various times 
in frequency, that is to say, transmitting the 
same information from carrier k in the carriers 
k+N, k+2*N, etc, depending on the diversity 
used and the carriers assigned, or repeated 
various times at various moments (time diver- 
sity); 

o if the SLOT is a POLLING or MPR type the 
process previously mentioned is used. 

[0042] The CDMA multiplexing, already referred to, 
includes a frequency hopping method that if applied to 
the carriers then user kits only use some of the carrier 
at the moment of transmission, according to a sequence 
that indicates at each instant the carriers that may be 
used to send information, this sequence being prede- 
fined and being capable of being generated by a pseu- 
dorandom sequence whose seed is communicated by 



means of SAM messages, while if the said method is 
applied to the subchannels, the sequence is used to in- 
dicate to the user kit which sub channel must be used 
to transmit at each moment in time. 
5 [0043] The information packet headers sent by the 
SLOTS in the upstream connection are modulated, pref- 
erably with modulations that for decoding have low sig- 
nal-to-noise ratio requirements, such as DPSK (differ- 
ential phase modulation) and/or QPSK (phase modula- 
te tion in quadrature), along with correction codes/ error 
detection and frequency diversity (sending of the same 
information over distinct carriers) and/or time (sending 
the same information at different moments) to increase 
the probability of correct decoding. 
15 [0044] The headers, mentioned previously, include all 
the information necessary on the corresponding infor- 
mation packet, such as information on packet type, use 
of frequency and/or time diversity, the modulation used 
to modulate the information in the packet (for example 
20 all carriers in QPSK or all carriers with the constellation 
fixedfor a determined error task in function of the signal- 
to-noise ratio on the channel after each user has been 
negotiated with the head-end) and the FEC redundancy 
(code correction redundancy/error detection) with which 
25 the information in the packet is protected, among others. 
[0045] The process in this invention may include a se- 
ries of controls to maximize the signal-to-noise ratio for 
all users without penalizing any of the them during the 
transmission thereby allowing multiple access in the 
30 same OFDM symbol and in the upstream connection 
and, the transmission of multiple information packets si- 
multaneously in the downstream connection; said con- 
trols being: 

35 - control of the injected power for each user kit; 
control of the time window for each user kit; 
control of the sample frequency, that is the synchro- 
nization in frequency of the user kits. 

40 [0046] Automatic gain control and/or a power mask is 
used on these controls on the injected power by which 
the signals from the users kits arrive at the head-end 
with approximately the same power, so that one can 
work with converters AID (analog/digital) with few bits 
45 without loosing the signal-to-noise ratio in reception. 
[0047] On the other hand, the window control, as 
mentioned, is used to control the signals from the vari- 
ous users that arrive at the head-end at the same time, 
that is, the start of all the OFDM symbols sent arrive in 
50 the same time window at the head-end; this control is 
made by means of: 

an adjustment in the open loop that occurs in the 
downstream channel, and which represents a rough 
55 adjustment in the time window and in which each 
user kit can seethe packets that arrive via the down- 
stream channel, and from which the samples that 
have to be delayed/advanced in transmission are 
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approximately deduced so that they arrive at the 
head-end at the optimum moment; 
an adjustment in the closed loop that occurs in the 
upstream channel and in the downstream by means 
of the SAIVI messages that represent a fine adjust- 
ment In the time window and in which the head-end 
k\t detects and communicates the number of sam- 
ples that must be delayed/advanced by the user l<it 
to reach the optimum moment for transmission. 

[0048] Finally, in the frequency control referred to ear- 
lier, following synchronization, each user l<it l<nows the 
sample frequency used by the head-end, which it then 
uses to correct the transmission in the upstream chan- 
nel so that frequency error in reception is null; the fol- 
lowing methods are used to correct transmission fre- 
quency in the users kits: 

residual error correction in the carriers by means of 
a rotor, that compensates the rotation that each car- 
rier suffers (multiplying each carrier by the complex 
exponential of the desired angle); and 
sample frequency correction by means of a fre- 
quency corrector element (that may consist of a re- 
sampler in the digital treatment part of the system, 
and/or in the variable oscillator or VCXO in the an- 
alog part), it being considered that if the corre- 
sponding clocks are sufficiently precise it is not nec- 
essary to use said frequency corrector element, suf- 
fice to simply correct the residual error in the carri- 
ers with the rotor previously referred to. 

[0049] The following drawings are provided to facili- 
tate a better understanding of the present invention and 
while fonning an integral part of the detailed description 

and the claims, they offer an illustrative but not limited 
representation of the principles of this invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0050] 



downstream channel of a system that uses the 
process of the present invention. 
Figure 6 schematically represents the use of the 
frequency hoping method in an upstream channel 
5 of a system that uses the process described in the 
present invention. 

DESCRIPTION OF AN EMBODIMENT OF THE 
INVENTION 

10 

[0051] The following is a description of a preferred 
embodiment of the invention, the numbers refer to the 
numeration used on the drawings. 
[0052] The process used in this example applies to a 
15 system that has various user kits (A, B, ...X) and one 
head-end kit (1). 

[0053] These kits (A, B, ...X) and (1) are in two way 
communication over the electricity network (2), estab- 
lishing an upstream channel that goes from the user kits 
20 (A, B, ...X) to the head-end (1) as well as a downstream 
channel that goes from the head-end (1) kit to the user 
kits (A, B, ...X). 

[0054] Both the user kits (A, B, ...X) andthe head-end 
(1) include a medium access controller (MAC) that is 
25 represented by the number 3 for the user kits and the 
number 4 for the head-end kit. 

[0055] By means of this MAC, the quantity of informa- 
tion that the user kits (A, B, ...X) may transmit is maxi- 
mized and time latency is minimizedforsaid kits (A, B, ... 
30 X). 

[0056] To have two communication connections, an 
upstream connection and a downstream connection 
over the physical medium that is the electricity network, 
one must undertake frequency division (FDD = Fre- 
35 quency Division Duplexing) or time division (TDD = Time 
Division Duplexing). 

[0057] The configuration described is represented in 
Figure 1 . 

[0058] The process described in the current example 
40 has the following four essential characteristics: 

access by various user kits (A, B, ...X) in the up- 
stream channel and the simultaneous sending of 
various information packets by the head-end (1) in 
the downstream channel by means of multiplexing 
OFDMA/TDMA/CDMA (multiplexing by orthogonal 
frequency division, multiplexing by time division and 
or multiplexing by code division); 
criteria to dynamically assign each carrier in the 
OFDM system (multiplexing by orthogonal frequen- 
cy division) to the user and between the users with 
information to send at that moment with greater 
transmission capacity per carrier (more bits per car- 
rier or bettersignal-to-noise ratio) so as to maximize 
the transmission capacity in both the upstream and 
downstream channels, that is, to equalize or level 
the request in frequency observed by the head-end 
in both emission and in reception; 



Figure 1 schematically represents a structure or 
system in which the process of this invention may 
be applied. 45 
Figure 2 schematically represents the division of 
time and frequency of SLOTS by the upstream 
channel using an example of the present invention. 
Figure 3 schematically represents a table on the 
division of subchannels for the upstream or down- so 
stream channel as used by the process of the 
present invention. 

Figure 4 schematically represents an example of 
the assignation of carriers by the downstream chan- 
nel in a system used by the process described in 55 
the present invention. 

Figure 5 schematically represents the transmission 
of packets with headers for each sub channel in a 
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adjustable quality of service (QoS) depending on 
the type of information and the users that require 
the transmission, where this quality of service is 
adaptable according to the frequency response at 
different moments and to the different distances be- 
tween the user kits (A, B, ...X) and the head-end kit 
(1); 

dynamic assignation of available bandwidth be- 
tween the various communication requests by con- 
stant calculating and monitoring of the signal-to- 
noise ratio observed by the user kits (A, B, . . .X) and 
by the head-end kit (1) in the whole bandwidth of 
the system. 

[0059] By means of these four characteristics the 

transmission resources are distributed that is all the car- 
riers in the OFDM system according to the transmission 
needs of each user at each moment, the quality of serv- 
ice parameters established for the user, the criteria to 
maximize the total capacity of the system and the criteria 
to minimize transmission latency, using for this the re- 
distribution of the carriers of one symbol between the 
users (OFDMA), in time (TDMA), that is symbol to sym- 
bol, and by code (CDMA), optimising said redistribution 
by constant monitoring of the quality parameters for the 
electricity line, which vary over time. 
[0060] In the process in this example the head-end kit 
(1) is responsible for the distribution of bandwidth be- 
tween the user kits (A, B, ...X) taking into account factors 
such as the quality of service assigned to each one of 
the users. The upstream channel is divided into intervals 
of time and frequency, known as SLOTS, represented 
in Figure 2, and these SLOTS are distributed between 
the users that wish to transmit. An arbiter or arbiter (5) 
located in the MAC (4) of the head-end (1) undertakes 
this distribution. Information on which SLOTS must be 
used by each user and or which symbols of the SLOT 
must be used by one or more users, along with informa- 
tion on the type of modulation to use in the SLOTS and 
symbols assigned, the function of each, etc, is intro- 
duced in SLOT assignation messages known as SAM 
that are periodically sent by the downstream channel to 
all the user kits (A, B, ...X). 

[0061] The flexibility of this composite sharing allows 
optimum utilization of the transmission medium. A se- 
ries of controls are also include for this that consist of: 

control of the injected power for each user (A, B, .. . 

X); 

control of the time window for each user (A, B, ...X); 
control of the sample frequency, that is, the syn- 
chronization in frequency of the user kits (A, B, ...X). 

[0062] To dynamically distribute bandwidth in the up- 
stream and downstream connections, these connec- 
tions, or channels, are divided into a series of subchan- 
nels that are made up of groups of various carriers. 
[0063] Bandwidth in the subchannels is adjusted to 



the characteristics of the electricity network (2), specif- 
ically that coherent bandwidth for the channel; said co- 
herent bandwidth being defined for a multi carrier trans- 
mission systems like the difference in frequencies be- 
5 tween the frequency position of the first and last carrier 
where the variation in frequency response in these car- 
riers is less than a certain threshold (such as, for exam- 
ple 12 dB). 

[0064] When the subchannels are adjusted to the co- 

10 herent bandwidth it can be assured that the frequency 
response for the carriers in this sub channel for a deter- 
mined user will be enclosed. Therefore, a user will see 
all the carriers that make up the sub channel with a rel- 
atively stable signal-to-noise ratio. 

15 [0065] This adjustment permits that users can be se- 
lected in function of the frequency response observed 
in the subchannels. Each user may be assigned opti- 
mum spectral zones so as to maximize the average 
bandwidth observed in each connection. Furthemiore, 

20 subchannels may also be assigned to various users that 
observe an orthogonal frequency response one to the 
other (in subchannels where the user observes and low 
S/N, another user may observe a high S/N or vice -a- 
versa), so that would be possible to maximize bandwidth 

25 use. 

[0066] In the best case the objective is to have such 
a high granulation that a sub channel consists of only 
one carrier. In this case complex algorithms are required 
that are far too costly in time and in the capacity of the 

30 process to assign users to the subchannels according 
to the frequency response in each sub channel, to max- 
imize the advantage in average bandwidth. To have rap- 
id and manageable algorithms, theconnection is divided 
into eight or sixteen subchannels in the upstream and 

35 downstream connections, always in agreement with the 
limit imposed by the coherent bandwidth for the channel . 
[0067] Figure 3 shows an example of a table that four 
users A, B, C and D maintain with a frequency response 
greater than a determined threshold for each one of the 

40 four subchannels 13, 14, 15 and 16 that the upstream 
channel is divided into. This table is maintained in the 
head-end kit (1) and is used during the distribution of 
bandwidth to the users, so as to maximize average 
bandwidth when assigning subchannels to the users 

45 that observe an orthogonal frequency response. 

[0068] The table in Figure 3 shows an example of the 
first criterion of distribution used. When a user wants to 
transmit in the upstream connection, or when the head- 
end wants to transmit to a user via the downstream con- 

50 nection, the table mentioned or one similar is used to 
observe in which sub channel information may be sent. 
[0069] One of the most important points to optimising 
simultaneous communication by multiple users over the 
electricity network (2) is the dynamic assignation of 

55 bandwidth between the users. 

[0070] To optimise assignation of the carriers to the 
users requires constant calculation and monitoring of 
frequency response or the signal-to-noise ratio of the 
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users and the head-end kit in both comnnunication chan- 
nels. This is due to the fact that the electricity network 
is not a stable medium, but suffers changes in function 
of transference overtime and depending on the distance 
that exists between the user in question and head-end. 
[0071] The objective is always to find the optimum as- 
signation of carriers for each user, according to the cri- 
terion of maximizing the average capacity of the com- 
munications channel, which can be achieved by maxi- 
mizing the signal-to-noise ratio in the total bandwidth. 
[0072] To distribute bandwidth , the users to which the 
communication is intended are determined. The head- 
end 1 knows this information for the upstream connec- 
tion thanks to the resource petition messages (MPR) 
and the questioning of users (POLLING), while in the 
downstream it will know the destination of the packets 
to be sent. 

[0073] Once the users implicated in the communica- 
tion are known a table or data base of the type shown 
in Figure 3 is used to determine which subchannels 

must be assigned to each used, the objective being to 
maximize transmission capacity. 

[0074] To maximize, that is to equalize or level the fre- 
quency response given by. the head-end 1 both in emis- 
sion and reception the following steps are followed: 

a vector space of equal size to the number of carri- 
ers in the OFDM channel is specified , where the 
elements that make up this space are the number 
of bits per carrier that each user can see in each 
one of the carriers or the dimension of the constel- 
lation used in each carrier. 

Vi=[VM,Vi2...VJ, 

where N is the total number of carriers utilized in the 
communication link which refers to the vector and Vjj^ 
represents the number of usable bits per carrier in the 
communications from or to the userj (depending on 
which link is referred to) in the carrier ^ from the point of 
view of the head-end. 

carriers are distributed between the users with in- 
formation to send so as to maximize the norm one 
for this vector: ||v||, where v the vector of bits per car- 
rier ( or dimension of the constellation or each car- 
rier) that each head-end kit uses in the curent sym- 
bol, both in the upstream and the downstream; 
grouping of the total number of carriers N, of the 
upstream and downstream in subchannels of the M 
carriers to simplify the calculation of the algorithm 
and the implementation, so as to reduce the dimen- 
sion of vector space, generating a vector space with 
the dimensions N/IVI, where the values of the coor- 
dinates is the sum of all the carriers in the sub-chan- 
nel, and giving as a result the capacity of transmis- 
sion per OFDM symbol that each user sees in the 



each sub-channel; 

adjust the width of the subchannels to the coherent 
bandwidth, defined as the difference of the frequen- 
cies between the frequency position of the first and 
5 last carrier in which the variation in the frequency 
response in these carriers is less than a certain 
threshold. 

Once the head-end 1 knows the user kits (A, B, ...X)that 
10 will transmit, or those that will receive if it is the down- 
stream channel, it observes the quality of service re- 
quirements QoS and the adequate subchannels in the 
table referred to previously. Finally, as a distribution cri- 
terion it uses an orthogonal algorithm and then distrib- 
15 utes bandwidth between the most orthogonal users 
(most different). In this manner the frequency response 
in the communication channel as observed by the head- 
end 1 is the most level possible. 
[0075] Figure 4 shows a graphic representation of the 
20 assignation of carriers for a downstream channel and 
the sending of information from the head-end kit 1 to 
some users A and B. The axis 18 and 19 represent re- 
spectively the signal-to-noise ratio, or bits per carrier 
and carrier frequency. The graphic 20 represents the 
25 channel observed in the direction of user A, that is, the 
channel response in the carriers in the downstream con- 
nection in terms of S/N or bits per carrier supported by 
user A that the head-end uses to optimise the transmis- 
sion for this user while the graphic 21 represents the 
30 channel observe in the direction of user B. The distribu- 
tion selected 17 by the head-end kit 1 is represented by 
the graphic 22. 

[0076] When the head-end kit 1 wants to transmit to 
a specific user it uses one of the subchannels and ad- 
35 vises of the destination and uses the sub channel by 

means of the packet header sent by this sub channel. 
The users decode the header that indicates that a pack- 
et is directly to them and decode the corresponding data 
[0077] Only the head-end 1 can transmit in the down- 
40 stream to one or various users (A, B, ...X). The head- 
end 1 may reorder the packets that must be sent to the 
various users to guarantee a determined QoS, even 
though it can also function in burst mode, that is, directly 
queuing the packets to be sent once the upper layers 
45 have determined what must be transmitted. 

[0078] In the downstream connection packets are 
sent using one or various subchannels into which this 
connection is divided. In each sub channel the fact that 
a packet is to be sent to a user is indicated by means of 
50 the headers already mentioned. In addition to being able 
to use a sub channel to transmit a different packet to a 
new user, the carriers in this sub channel can be used 
to speed up the transmission of information of a packet 
that has already been sent by another sub channel (ag- 
55 gregating the carriers of this sub channel to the sub 
channel that sent the initial packet with thereby acceler- 
ating the transmission of this packet). To indicate that a 
sub channel will be used as aggregate to accelerate the 
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transmission, an information packet is sent by the ag- 
gregate sub cliannel witli a lieader directed to the af- 
fected users. 

[0079] The users observe the whole of the down- 
stream connection lool<ing for packets whose headers 
indicate that the packets are directed to them. These 
headers must be correctly decoded or interpreted for 
each one of the users in the system therefore this part 
of the packet must have very low S/N needs for decod- 
ing. For this, one can use secure modulations such as 
BPSK or QPSK, along with robust correction/error de- 
tection codes, as well as diversity in time and frequency, 
[0080] When a user decodes a header indicating that 
a packet is directed to it, it will know the corresponding 
sub channel or subchannels used to send the packet 
and it will take the data sent by these subchannels. If 
the header is not directed to it, it simply ignores the data 
associated with the header. If the header indicates that 
a new sub channel is being used to speed up the send- 
ing of a packet, it will decode the information that arrives 
via the new carriers as well as by the carriers in the orig- 
inal subchannel to obtain the information in the channel. 
By this means dynamic assignment of bandwidth is 
achieved in the downstream connection. 
[0081] The use of headers is of great importance in 
the system as it allows a packet to be self-contained, 
Theheadercontainsallthe information necessary about 
a packet such as destination, size, type of packet, if it 
has diversity in frequency or time, if it is in multicast 
mode (this mode indicates that it will be received by mul- 
tiple users), etc. In the upstream channel it is necessary 
to use an extra mechanism to know when to be able to 
send the packets, that is the distribution of SLOTS by 
the arbiter 5 and the SLOT assignation messages to 
communicate the distribution to the users. 
[0082] Figure 5 shows an example where four 
subchannels are used 24 in the downstream connec- 
tion. From this Figure 5 it can be appreciated that the 
first and second subchannels, counting from the top, 
send packets that are preceded by a header 27. In the 
fourth sub channel the transmission of a packet begins 
and previously, the third sub channel is used to accel- 
erate the transmission of the same packet using the new 
carriers for this, as represented by the arrow 28. This is 
indicated by means of the header 27 of the third sub 
channel. The arrow 23 represents the direction of the 
transmission of packets from the head-end kit 1 to the 
user A, B, 0 or D. The axis 25 and 26 represent time 
and frequency respectively. 

[0083] For transmission in the upstream connection 
or channel, the channel is logically divided into time and 
frequency intervals known as SLOTS (as mentioned 
previously) to allow multiple users transmit simultane- 
ously over the electricity network 2 in the direction of the 
head-end 1 . Thanks to this structure bandwidth can be 
dynamically assigned so that more or less time SLOTS 
(symbols) or frequency SLOTS (carriers) may be grant- 
ed, so that the users can transmit infonnation with dif- 



ferent quality requirements (both bandwidth and laten- 
cy) and optimising the transmission by granting SLOTS 
to the users that observe sufficient signal-to-noise ratio 
on the sub channel so as to use the most dense modu- 
5 lations. 

[0084] When one of these SLOTS is assigned to a us- 
er kit (A, B, ...X), the user will know during what mo- 
ments or time and in which carriers (and therefore in 
which frequency) it can send the information that it 

10 wants to transmit. The group of carriers associated with 
a SLOT is known as a sub channel in the upstream con- 
nection. The frequencies in each sub channel are ad- 
justed to the coherent bandwidth of the channel so that 
each user observes a similar frequency response (ar- 

15 ranged between certain limits) in each sub channel. This 
allows the capacity of the upstream channel to be in- 
creased. 

[0085] Figure 2 shows an example of SLOT distribu- 
tion in a determined moment for a possible implemen- 
20 tation. The axisll and 12 represent frequency and time 
respectively, while the SLOTS 7, 8, 9, and 10 represent 
SLOTS associated with different users A, B, 0 and D 
respectively, while the SLOTS 6 represent SLOTS that 
are free. 

25 [0086] The SLOTS referred to can be put to various 
uses by the user kits (A, B, ...X) such as: 

the transmission of requests to interrogation mes- 
sages (POLLING); 
30 - the transmission of resource petition messages 
(MPR) , 

the transmission of data including one or all of the 
following: 

35 1 . synchronization sequences, 

2. equalization sequences, 

3. sequences to estimate signal-to-noise ratio, 
and/or 

4. information data that the user (A, B, ...X) 
40 wants to send to the head-end 1 . 

[0087] By means of SAM messages assigning 
SLOTS, the head-end 1 indicates the purpose of each 
SLOT and which user or users can make use of it. In 

45 this context, the multiple access system is a central sys- 
tem, where the user kits (A, B, ...X) only transmit over 
the electricity network 2 when the head-end 1 previously 
decides and communicates the decision to the users im- 
plicated along with the quantity of information that can 

50 be transmitted, the type of modulation, etc. 

[0088] To optimise the use of the upstream channel 
in the access to the electricity network 2 with OFDMA/ 
TDMA/CDMA, the three controls previously mentioned 
have been developed, thanks to which the signal-to- 

55 noise ratio is maximized for all users without penalizing 
one over the other for transmitting. 
[0089] With regard to control over injected power, an 
automatic gain control and/or a power mask is used so 
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that the signals of the user kits (A, B, ...X) arrive at the 
head-end kit 1 with approximately the same power, so 
that it is possible to work with A/D converters of very few 
bits without losing the signal-to-noise ratio in reception. 
[0090] The time window control is used to ensure that 5 
the signals from the various user kits (A, B, ...X) arrive 
at the head-end kit 1 at the same time, that is that the 
start of all the OFDM symbols sent arrive in the same 
time window at the head-end 1 , making the control by: 

10 

an adjustment in the open loop that occurs in the 
downstream channel, and which represents a rough 
adjustment in the time window and in which each 
user kit can see the packets that arrive via the down- 
stream channel, and from which the samples that is 
have to be delayed/advanced in transmission are 
approximately deduced so that they arrive at the 
head-end 1 at the optimum moment; 
an adjustment in the closed loop that occurs in the 
upstream channel and in the downstream by means 20 
of the SAM messages that represent a fine adjust- 
ment in the time window and in which the head-end 
kit 1 detects and communicates the number of sam- 
ples that must be delayed/advanced by the user kit 
to reach the optimum moment for transmission. 25 

[0091] With respect to the frequency control following 
synchronization, each user kit (A, B, ...X) obtains the 
sample frequency used by the head-end 1 , which itthen 
uses to correct the transmission in the upstream chan- 30 
nel so that frequency error in reception in the head-end 
1 is null; the following methods are used to correct trans- 
mission frequency in the users kits (A, B, ...X): 

residual error correction in the carriers by means of 35 
a rotor, that compensates the rotation that each car- 
rier suffers (multiplying each carrier by the complex 
exponential of the desired angle); and 
sample frequency correction by means of a fre- 
quency corrector element (that may consist of a re- 40 
sampler in the digital treatment part of the system, 
and/or in the variable oscillator or VCXO in the an- 
alog part), it being considered that if the corre- 
sponding clocks are sufficiently precise it is not nec- 
essary to use said frequency corrector element, it 45 
being sufficient simply to correct the residual error 
in the carriers with the rotor previously referred to. 

[0092] In the upstream connection and in CDMA mul- 
tiplexing a frequency hopping method is used that if ap- so 
plied to the carriers in which the user kits (A, B, ...X) in 
the moment of transmission only use some of the carrier 
according to a sequence that Indicates at each instant 
the carriers that may be used to send information, this 
sequence being predefined and being capable of being 55 
generated by a pseudorandom sequence whose seed 
is communicated by means of SAM messages, while if 
the said method Is applied to the subchannels, the se- 



quence is used to indicate to the user kit (A, B, ...X) 
which sub channel must be used to transmit at each mo- 
ment in time. 

[0093] One of the advantages of "frequency hopping" 
is that the subchannels or the carriers are distributed to 
the users over time, that is, a user does not use a sub 
channel with high signal-to-noise ratio all the time, rath- 
er, it also uses (when the sequence indicates it) chan- 
nels with low signal-to-noise ratio, so that on average 
all the users see an average channel and thereby max- 
imise the transmission bandwidth for the electricity net- 
work. 

[0094] Figure 6 represents an example of frequency 
hoping for a communication between some user kits A, 
B, 0, and D in the direction of a head-end 1 ; where the 
arrow 29 represents the direction of the transmission of 
data, while the arrow 30 represents the bandwidth of 
each sub channel. The axis 31 and 32 represent fre- 
quency and time respectively. The references 33, 34, 35 
and 36 represent dispatches from the users A, B, C and 
D respectively, while the reference 37 represents a col- 
lision between users. 

[0095] The SLOT assignation messages SAM are 
messages that are periodically transmitted by the down- 
stream channel and are decoded by all the users. Their 
periodicity depends on the size of the SLOTS that the 
upstream channel is divided into. Once the size of the 
frequency and time intervals (SLOTS) is selected, the 
periodicity must be constantly maintained. 
[0096] The purpose of the SAM messages is to: 

announce or identify the user kit or kits (A, B, ...X) 
that have been granted transmission in each one of 
the frequency and time SLOTS that the upstream 
channel is divided Into; 

indicatethe use which this SLOT must be put: trans- 
mission, equalization, S/N, synchronization, data, 
interrogation (POLLING), resources requests 
(MPR), etc. 

send additional information to the resource request 
reception, limit access to groups of users, etc. 

[0097] The SAM messages are essential to construct 

a system with dynamic assignation of bandwidth. When 
the users need to transmit information, they make a re- 
quest to the head-end 1 (using the methods of resource 
request or interrogation) . The head-end 1 does not grant 
a fixed bandwidth to the user, rather it makes a dynamic 
distribution of bandwidth, offering more or less SLOTS 
to the users that make the request according to factors 
such as quantity of information to be sent, the quality of 
service requested, the type of information to be sent, the 
signal-to-noise ratio observed by the users in the 
SLOTS granted, etc. 

[0098] Sharing by means of OFDMA is undertaken so 
that the dynamic allocation of bandwidth is the most ef- 
ficient possible. With this type of sharing, various users 
may transmit information using different carriers within 
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the one OFDM symbol. 

[0099] The SLOT assignation messages may carry 
information on one or more SLOTS. Due to the impor- 
tance of these SAI\yi messages, they also carry prefera- 
bly, some system to protect against errors such as 
codes with a large capacity to correct/detect errors, di- 
versity in frequency and /or time, etc. Obviously, the 
messages to assign SLOTS always temporarily pre- 
cede the SLOTS in the upstream channel to which they 
refer. 

[0100] Furthermore, the SAM messages may indicate 
if the SLOT assigned to a user is the first, the last or one 
of the intermediates, If the SLOT is the first of those 
granted to a user to send information, data will not be 
sent in all the symbols of the SLOT but rather various 
symbols of the SLOT must be used to send supplemen- 
tary information, such as synchronization or equaliza- 
tion. If the SLOT is an intermediary it may be used in its 
entirety to send data, if it is the last SLOT assigned to 
a user kit (A, B, . . .X) it sends information and a message 
to petition resources (MPR) so that the head-end kit 1 
knows if it wants to send more information or not. This 
is not the only time that a kit may send resource petition 
messages, these may also be sent when the user has 
infonnation to send and from the head-end kit 1 the pur- 
pose of the next SLOT is indicated to be the petition of 
resources. 

[0101] In the current example the SAM messages that 
are sent by the downstream channel in the direction of 
each user (A, B, ...X) include, at least, the following in- 
formation: 

indicating the user kit or kits (A, B, ...X) to which 

each SLOT has been granted; 

indicating the use which this SLOT must be put; 

the number of symbols that each kit may use in the 

SLOT 

the number of the symbol starting from which a cer- 
tain user may transmit in the SLOT, 
information on the modulation that must be used to 
transmit data, 

[0102] Furthermore, said SAM messages may in- 
clude: 

the confirmation of reception of messages MPR, 
restriction of access to certain user kits (A, B, ...X), 
the correction of deviations in the transmission time 
window of the user kits (A, B, ...X), 
information on power control, 
the type and number of data to be sent by the user, 
that is what is to be sent is 0 or more symbols of 
equalization, synchronization, estimation of sound/ 
noise ratio and/or information data. 

[0103] On the other hand, the MPR messages that 
have been referred to on various occasions previously, 
are relatively short control messages that provide infor- 



mation on whether a user kit (A, B, ...X) wants to trans- 
mit data and optionally on the size of the information 
block to be sent and the quality of service desired by a 
user kit (A, B, ...X), and they are sent at different mo- 
5 ments. Said moments are: 

when a SAM messaged received by a user kit (A, 
B, ...X) indicates that a following SLOT assigned to 
said kit is the last in a series of SLOTS for the trans- 

10 mission of data, so that the user kit (A, B, ...X) can 
utilize part of the SLOT to send an MPR message 
in case it has more data to transmit; 
when a user kit (A, B, ...X) has been assigned by 
means of a SAM a SLOT dedicated to the petition 

15 of resources so that the user kit or kits (A, B, ...X) 
that wish to transmit send their MPR into this SLOT; 

[0104] When a user kit (A, B, ...X) has data to transmit 
it waits until a SAM message announces that some of 
20 thefollowing SLOTS are destined for POLLING or MPR, 
so that if it receives a POLLING SAM, it undertakes the 
following steps: 

the user kit (A, B, ...X) verifies certain bits in the 
25 SAM that indicate if it pertains or not to the group of 
user that can use the following POLLING SLOT; 
the SAM message indicates the positions in which 
the user kit (A, B, ...X) must reply to the resource 
request, these positions being detemnined by the 
30 head-end kit 1 , which constantly monitors the sig- 
nal-to-noise ratio that the user kit (A, B, ...X) may 
see in the various available carriers in the upstream 
connection; 

- the POLLING SLOT is divided into various valid 
35 zonesthat are small portions of time/frequency, and 
the user kits (A, B, ...X) select the zone indicated by 
the SAM to avoid a collision of petitions; 
the user kit (A, B, ...X) send a POLLING message 
in the selected zone and 
40 - if said POLLING has been received by the head- 
end 1 , the user kit (A, B, ...X) will later receive SAM 
messages assigning SLOTS; while if it has not been 
received, the user kit (A, B, ...X) will have to wait for 
a new POLLING SAM. 

45 

[0105] On the other hand, when it receives an MPR 
SAM, the user kit (A, B, ...X) sends an MPR message 
in the corresponding SLOT, where apart from the neces- 
sity to transmit is indicated, preferably, the quantity of 

50 information to be sent, the priority, the QoS required, the 
form in which this information may be decoded by the 
head-end and if it may be used to optimise the algorithm 
for SLOT assignation of the arbiters; if having previous- 
ly foreseen that the head-end 1 detects a collision, a 

55 collision resolution algorithm is undertaken the user kits 
(A, B, ...X)transmittheirpetitions in the next MPR SLOT 
or POLLING, because the arbiter 5 will not grant them 
any transmission SLOT in the following SAMs. 
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[0106] In the present example, when a user kit (A, 
B, ...X) wants to transmit, it follows the decisions taken 
by the head-end kit 1 regarding the moment for trans- 
mission, the carriers to use, the type of modulation and 
other parameters by means of the following process: 5 

Following correct reception of a transmission re- 
quest from a user kit (A, B, ...X), the head-end kit 1 
assigns sufficient time/frequency SLOTS beginning 
from an estimation realized depending on the activ- io 
ity, transmission capacity, quality of services and 
other parameters of the user (A, B, ...X) that made 
the petition and according to the monitoring of the 
signal-to-noise ratio as observed in each sub chan- 
nel, the arbiter 5 being responsible for the distribu- is 
tion of SLOTS between the users that have made 
the petition to send data by means of an algorithm. 
When a user (A, B, ...X) detects, by means of de- 
modulating and decoding a SAM message that one 
or more SLOTS are destined for it, it undertakes the 20 
following operatios: 

1 . verifies the type of each one of the SLOTS 
that it has been assigned and the modulation 
that it must employ in each carrier in each 25 
SLOT, where the SAM message is responsible 
forcommunicatingthis information accordingto 
that assigned by the arbiter 5. 

2. Calculates how many bits it will be able to 
transmit in total ( and extracts the data from its 30 
memory) which may be data on information, 
equalization, synchronization, estimation of the 
signal-to-noise ratio or any other combination 

of these, as indicated in the SAM message of 
assignation of this SLOT. 35 

3. Waits until the start time of the SLOT begins 
and transmits the data in the carriers of the 
SLOT with the required modulation. 

4. If any of the assigned SLOTS is of the type 
diversity in time or in frequency, the user kit (A, 40 
B, ...X) has to transmit the modulated informa- 
tion in secure fonn, preferably QPSK, and to 
repeat transmission a number of times in fre- 
quency, that is to say, transmitting the same in- 
formation from the carrier k in the carriers k+N, 45 
k+2*N, etc., depending on the diversity em- 
ployed and the carriers assigned or repeated 
various times in various moments (diversity in 
time). 

5. If the SLOT is of the POLLING or MPR type so 
the process previously mentioned is undertak- 
en. 



Claims 

1. PROCESS FOR MULTIPLE ACCESS AND MUL- 
TIPLE TRANSMISSION OF DATA POINT TO 



MULTIPOINT OVER THE ELECTRICITY NET- 
WORK, comprising various user kits (A, B, ...X) and 

a head-end (1 ) in two way communication by means 
of the electricity network (2), where the upstream 
channel is that which runs from the user kits (A, 
B, ...X) to the head-end (1) and the downstream 
channel that which runs from the head-end (1) to 
the user kits (A, B, ...X), and each one of the kits 
(A, B, ...X), (1) contains a medium access controller 
(MAC) (3,4) to maximize the quantity of information 
that the user kits (A, B, ...X) can transmit and to min- 
imize time latency in these kits (A, B, ...X); and 
where the electricity network is divided for the up- 
stream and downstream channels by frequency di- 
vision duplexing (FDD) and/ or time division duplex- 
ing (TDD), characterized In that it supports: 

access by various user kits (A, B, ...X) in the 
upstream channel and the simultaneous send- 
ing of various information links by the head-end 
(1) in the downstream channel by means of 
multiplexing OFDIVI A/TDM A/CDMA, multiplex- 
ing by orthogonal frequency division, multiplex- 
ing by time division and or multiplexing by code 
division; 

criteriato dynamically assign each carrier in the 
OFDM system, multiplexing by orthogonal fre- 
quency division, to the user, and between the 
users with information to send at that moment 
with greater transmission capacity in this carri- 
er, more bits per carrier or better signal-to-noise 
ratio, so as to maximize the transmission ca- 
pacity in both the upstream and downstream 
channels, that is, to equalize or level the re- 
sponse in frequency observed by the head-end 
in both emission and in reception: 
adjust quality of service (QoS) depending on 
the type of information and the users that re- 
quire the transmission, where this quality of 
service is adaptable accordingto the frequency 
response at different moments and to the dif- 
ferent distances between the user kits (A, B, ... 
X) and head-end kit (1); 
dynamically assign available bandwidth be- 
tween the various communication requests by 
constantly calculating and monitoring the sig- 
nal-to-noise ratio observed by the user kits (A, 
B, ...X) and by the head-end kit (1) over the 
whole bandwidth of the system; so that trans- 
mission resources, this is the combined 
number of carriers in the system OFDM, are 
distributed according to the transmission needs 
at each moment in time for each user, the qual- 
ity of service (QoS) parameters established for 
this user, the criteria to maximize the total ca- 
pacity of the system and the criteria to minimize 
transmission latency, using for this the redistri- 
bution of the carriers of one symbol between 
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the users (OFDMA), in time (TDIVyiA), that is 
symbol to symbol, and by code (CDMA), opti- 
mising said redistribution by constant monitor- 
ing of the quality parameters for the electricity 
line, which vary contantly. 5 

2. PROCESS FOR MULTIPLE ACCESS AND MUL- 
TIPLE TRANSMISSION OF DATA POINT TO 
MULTIPOINT OVER THE ELECTRICITY NET- 
WORK, according to Claim 1, characterized in io 

that it includes the maximization means, that is, 
means to equalize or level the frequency response 
seen by the head-end kit (1) both in emission and 
reception, [due to the fact that the electricity line 
acts as a selective channel in frequency between is 
one point and another, causing certain frequencies 
to demonstrate greater signal/noise (S/N) ratio and 
therefore greater transmission capacity than oth- 
ers, so that for some users some frequencies will 
be those that demonstrate greater S/N ratio, while 20 
for other users, the frequencies will be different]; 
where said maximization as mentioned consist of: 

specification for a vector space of equal size to 
the number of can^iers in the OFDM channel, 25 
wherethe elements that mal<e up this space are 
the number of bits per carrierthat each user can 
see in each one of the carriers or the dimension 
of the constellation used in each carrier; V|=[V|i, 
Vj2...Vjn] where N is the total number of carriers 30 
utilized in the communication linl< which refers 
to the vector and Vj^ represents the number of 
usable bits per carrier in the communications 
from ortothe user j, depending on which linkis 
referred to, in the carrier from the point of view 35 
of the head-end; 

distribution of the carriers between the users 
with information to send so as to maximize the 
norm one for this vector: ||v||, where v the vector 
of bits per carrier, or dimension of the constel- 40 
lation or each carrier, that each head-end kit us- 
es in the current symbol, both In the upstream 
and the downstream; 

grouping of the total number of carriers N, of 
the upstream and downstream in subchannels 45 
of the M carriers to simplify the calculation of 
the algorithm and the Implementation, so as to 
reduce the dimension of vector space, gener- 
ating a vector space with the dimensions N/M, 
where the values of the coordinates are the so 
sum of all the carriers in the sub-channel, and 
giving as a result the capacity of transmission 
per OFDM symbol that each user sees in each 
sub-channel; 

adjust the width of the subchannels to the co- 55 
herent bandwidth, defined as the difference of 
the frequencies between the frequency position 
of the first and last carrier in which the variation 



in the frequency response in these carriers is 
less than a certain threshold. 

3. PROCESS FOR MULTIPLE ACCESS AND MUL- 
TIPLE TRANSMISSION OF DATA POINT TO 
MULTIPOINT OVER THE ELECTRICITY NET- 
WORK, according to Claims 1 and 2, character- 
ized in that the MAC (4) in the head-end (1) in- 
cludes an arbitration block (5) or arbiter responsible 
for the dynamic distribution of bandwidth in the up- 
stream and downstream channels for the various 
communications from the user kits (A, B, ...X) 
where the criterion used by this arbitration block to 
dynamically assign , the transmission bandwidth are 
those previously described, and for which the fol- 
lowing means are employed: 

packet oriented transmission, proceeded by a 
header indicating to which user the transmis- 
sion is directed and in which conditions; 
upstream and downstream channels are divid- 
ed into subchannels so that users are multi- 
plexed to maximize bandwidth transmission for 
both the upstream and downstream channels, 
using the criteria of ori:hogonal transmission ca- 
pacity in function of frequency and the various 
users; 

dynamic assignation, that is varying over time, 
of carriers to the various users, so that: 

in the downstream link the headers of each 
packet sent by the sub channel indicates, 
among other things, the destination, the 
size and the constellation used, so that the 
users must be capable of detecting and un- 
derstanding all the headers received by 
whatever subchannel, while only demodu- 
lating the information from the packet di- 
rected to them knowing the vector of bits 
per carrier used in the modulation; 
in the upstream link, apartfrom the division 
in subchannels adjusted to the coherent 
bandwidth, division in time occurs such 
that a SLOT is defined as the number of 
symbols in the upstream channel between 
two allocation messages of these SLOTS 
(SAM), and which constitute the units used 
by the arbiter (5) to assign resources to the 
users, where these resources are periodi- 
cally assigned by sending allocation mes- 
sages, known as SAM, by the downstream 
link towards a user kit (A, B, ...X), which 
may include information of one or more 
SLOTS and which are periodically sent to 
a determined number of samples before 
the SLOTS to which they refer, that is, they 
precede them temporarily, so that if the 
number of symbols of a SLOT is small then 
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the latency floor that can be obtained is al- 
so small but the complexity of the system 
is greater as is the cost of the transmission 
capacity in the upstream channel in re- 
sources allocation messages (SAM); 5 

continuous measuring of the signal-to-noise ra- 
tio for each user in all the upstream as well as 
downstream channels, to continually update 
the capacity of the transmission for all the users io 
in each one of the subchannels; 
continuous information regarding which users 
(A, B, ...X) wish to make transmission and in 
what quantities by means of interrogation, that 
is to say, by POLLING, SLOTS and resource is 
petition messages (MPR) respectively, where 
the upper layers of the head-end (1) in the up- 
stream are those that inform the arbiter (5) of 
the quantity of information pending transmis- 
sion and from which users; and, 20 
information on the QoS, bandwidth and latency, 
defined for each user in function of the channel 
capacity and the number of users hanging from 
the head-end kit (1), so that the number of 
SLOTS continuously assigned to a single user 25 
can be limited in cases where various users 
want to transmit at a given moment, thereby 
maintaining equality of access for users in the 
upstream connection. 

30 

4. PROCESS FOR MULTIPLE ACCESS AND MUL- 
TIPLE TRANSMISSION OF DATA POINT TO 
MULTIPOINT OVER THE ELECTRICITY NET- 
WORK, according to Claim 3, characterized in 

that when the head-end kit (1 ) wants to transmit to 35 
one or more user kits (A, B, ...X) via the down- 
stream channel, the arbiter block (5) dynamically 
distributes bandwidth, using one or more of the 
subchannels referred to, and it advises of the des- 
tination of use this or these subchannels by means 40 
of the headers in the information packets sent by 
the subchannels, for this each user kit decodes the 
corresponding data when it detects that one of the 
said headers refers to a packet directed to it, so a 
user kit (A, B, ...X) can receive more than one pack- 45 
et from various distinct subchannels, being able to 
indicate to this header the transmission of a new 
packet to the user or that the sub channel where the 
header is sent will be used to accelerate the trans- 
mission of a packet sent previously by another sub so 
channel or subchannels to the same user, by means 
of aggregating the carriers of this new sub channel 
and those already used for the transmission of the 
previous packet. 

55 

5. PROCESS FOR MULTIPLE ACCESS AND MUL- 
TIPLE TRANSMISSION OF DATA POINT TO 
MULTIPOINT OVER THE ELECTRICITY NET- 



WORK, according to Claim 4, characterized in 

that headers sent by the subchannels in the down- 
stream connection are modulated preferably with 
modulations that have few signal-to-noise ratio re- 
quirements for theirdecoding, preferably DPSK, dif- 
ferential phase modulation, and/or QPSK, quadra- 
ture phase modulation, along with error correction/ 
detection codes and frequency diversity, sending of 
the same information in different carriers, and/or 
time diversity, sending the same infonnation at dif- 
ferent moments, to increase the probability of cor- 
rectly decoding the said header 

6. PROCESS FOR MULTIPLE ACCESS AND MUL- 
TIPLE TRANSMISSION OF DATA POINT TO 
MULTIPOINT OVER THE ELECTRICITY NET- 
WORK, according to Claim 4, characterized in 
that the headers already referred to include all the 
information necessary for the appropriate informa- 
tion packet, such that the destination, packet types, 
the use of diversification in frequency and/or in time, 
if the packet is destined for one user or for various 
users, MULTICAST mode, and or all users, 
BROADCAST mode, the modulation used for each 
carrier, if FEC redundancy has been employed, er- 
ror correction/detection code, to protect the infor- 
mation packet, and/or if the sub channel to which 
the header is sent will be used to accelerate the 
transmission of information from a packet sent pre- 
viously by another sub channel, or other informa- 
tion. 

7. PROCESS FOR MULTIPLE ACCESS AND MUL- 
TIPLE TRANSMISSION OF DATA POINT TO 
MULTIPOINT OVER THE ELECTRICITY NET- 
WORK, according to Claim 3, characterized in 
that the SLOTS where the upstream connection is 
divided, may be used by the user kits (A,B, ...X) for: 

the transmission of requests to interrogation 

messages, POLLING; 

the transmission of resource petition messages 
(MPR), 

the transmission of data including one or all of 

the following: 

synchronization sequences, 
equalization sequences, 
sequences to estimate signal-to-noise ra- 
tio, and/or 

data on information that the user (A,B, ... 
X) wants to send to the head-end (1). 

8. PROCESS FOR MULTIPLE ACCESS AND MUL- 
TIPLE TRANSMISSION OF DATA POINT TO 
MULTIPOINT OVER THE ELECTRICITY NET- 
WORK, according to Claim 3, characterized in 
that in the upstream connection the arbiter (5) of 
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the head-end (1) includes the means to provide 
each user kit (A,B, ...X) with the most adequate 
bandwidth in variable form, offering more or less 
SLOTS according to parameters such as the 
amount of information to be sent, the quality of serv- 5 
ice requested, the type of information to be sent, the 
signal-to-noise ratio observed by the users in the 
SLOTS conceded, and others, by means of an op- 
timum assignation algorithm of SLOTS and commu- 
nicating the decisions taken by said arbiter (5) to io 
the user kits (A, B, ...X) using SAM messages. 

9. PROCESS FOR MULTIPLE ACCESS AND MUL- 
TIPLE TRANSMISSION OF DATA POINT TO 
MULTIPOINT OVER THE ELECTRICITY NET- 15 
WORK, according to Claims 3 and 7 characterized 

in that the method used to communicate decisions 
on the distribution of SLOTS in the upstream con- 
nection as taken by the arbiter (5) of the head-end 
(1 ) is the sending of assignation messages SAM by 20 
the downstream connection to each user kit (A,B, ... 
X), and can include information on one or various 
SLOTS, be sent periodically and always with a de- 
termined number of samples before the SLOTS to 
which they refer, that is, they temporarily precede 25 
them, including at least: 

the indication of the user or users (A,B) ■■■X) to 
which each SLOT is given, 

to indication of the use to which each SLOT is 30 
to be put, 

the number of symbols inside the SLOT that will 
be given to each user, 

the number of the symbol starting from which 
each user may use the SLOT, 35 
information on the modulation that must be 
used for the transmission of data, preferable 
QPSK or a constellation negotiated with the 
head-end kit (1) for a detennined error task in 
function of the signal-to-noise ratio in thechan- 40 
nel; 

it may also include: 

confirmation of reception of resource petition ^5 
messages (MPR), 

restriction of access to determined user kits (A, 
B, ...X), 

the correction of detours in the temporal trans- 
mission window of the user kits (A,B, ...X), so 
information on power control, 
the type and number of data to be sent by the 
user, that is if 0 or more equalization or synchro- 
nization symbols are to be sent and an estima- 
tion of the sound/noise and/or the data in the 55 
information where these SAIVI messages are 
preferably coded with some extra protection 
against errors, such as codes with a greater ca- 



pacity for correction/detection of errors, diver- 
sity in frequency or time, and other systems. 

10. PROCESS FOR MULTIPLE ACCESS AND MUL- 
TIPLE TRANSMISSION OF DATA POINT TO 
MULTIPOINT OVER THE ELECTRICITY NET- 
WORK, according to Claim 3, characterized in 

that in the downstream channel, the arbiter (5) un- 
dertakes the distribution function taking into ac- 
count parameters such as the signal-to-noise ra- 
tios, or the frequency response, that the user kits 
(A,B, ...X) observe in the subchannels, the mes- 
sage priority, the quantity of information, among 
others; while the users decode the headers sent via 
the downstream connection and decide if they must 
take the data sent by the same sub channel as the 
header, starting from the information on the desti- 
nation, including said header. 

11. PROCESS FOR MULTIPLE ACCESS AND MUL- 
TIPLE TRANSMISSION OF DATA POINT TO 
MULTIPOINT OVER THE ELECTRICITY NET- 
WORK, according to Claim 10, characterized In 
that the arbiter (5) may order the use of one or more 
additional subchannels for the corresponding dis- 
patch, or to increase the bandwidth of a user, the 
objective being to speed up the transmission of the 
packet referred to, assigning more than one sub 
channel to transmit more than one packet of infor- 
mation at a time, indicating either of these decisions 
by means of the header in the messages dis- 
patched. 

12. PROCESS FOR MULTIPLE ACCESS AND MUL- 
TIPLE TRANSMISSION OF DATA POINT TO 
MULTIPOINT OVER THE ELECTRICITY NET- 
WORK, according to Claims 10 and 11 , character- 
ized in that the arbiter (5) may distribute the users 
(A, B, ...X) on the various subchannels, in both the 
upstream and the downstream, such that the band- 
width used is maximised at each moment, based on 
the frequency response that each user (A, B, ...X) 
may observe in the various subchannels. 

13. PROCESS FOR MULTIPLE ACCESS AND MUL- 
TIPLE TRANSMISSION OF DATA POINT TO 
MULTIPOINT OVER THE ELECTRICITY NET- 
WORK, according to Claims 9 and 12, character- 
ized in that for the upstream and downstream 
channels, the arbiter (5) uses QoS as one of the 
criteria, at the time of assigning resources to mini- 
mize latency, that is, each user kit (A, B, ...X) trans- 
mits as soon as possible after placing an access 
request in the upstream connection , orthat a packet 
is transmitted from the head-end kit (1) to a user (A, 
B, ...X) as quickly as possible. 

14. PROCESS FOR MULTIPLE ACCESS AND MUL- 
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TIPLE TRANSMISSION OF DATA POINT TO 
MULTIPOINT OVER THE ELECTRICITY NET- 
WORK, according to Claim 3, characterized in 
that the MPR message, is preferably a relatively 
short control message to inform if a user kit (A, B, ... 5 
X) wants to transmit data and optionally of the size 
of the information block to be sent and the quality 
of service required by the user kit (A, B, ...X) during 
the following moments: 

10 

when a SAM message received by the user kit 
(A, B, ...X) indicates that the next SLOT as- 
signed to said kit is the last in a series of data 
transmission SLOTS, the user kit (A, B, ...X) 
uses part of the SLOT to send an MPR mes- is 
sage in case that it has more data to transmit, 
when the user kit (A, B, ...X) has not more data 
to send and still has SLOTS assigned, in this 
case the corresponding MPR message will in- 
dicate to the head-end (1) not to assign to it 20 
more SLOTS and to reassign the remaining 
SLOTS to other user kits (A, B, ...X), 
when a user kit (A, B, ...X) is assigned a SLOT, 
by means of a SAM, dedicated to the petition 
of resources (MPR), so that the user kit/s (A, 25 
B, ...X) that want to transmit, send their MPR to 
this SLOT, using a small part of this randomly 
or by means of a determined algorithm that 
takes into account the type of user, the type of 
information and other parameters; and the mar- 30 
iner in which the head-end kit (1) detects pos- 
sible collisions when various user kits coincide 
in the petition of resources in the same zone of 
the SLOT, such collisions are resolved by 
means of algorithms known in the prior art or 35 
by leaving the user kits (A, B, ...X) retransmit 
their positions In later intervention until compe- 
tition between users (A, B, ...X) is resolved. 

. PROCESS FOR MULTIPLE ACCESS AND MUL- 40 
TIPLE TRANSMISSION OF DATA POINT TO 
MULTIPOINT OVER THE ELECTRICITY NET- 
WORK, according to Claim 3 characterized In 
that, said POLLING SLOTS allow a maximum 
number of users (A, B, ...X) to be questioned on 45 
whether or not they have information to transmit by 
using an interrogation algorithm the purpose being 
that the same user kits (A, B, ...X) are not always 
those questioned when said maximum number is 
surpassed, including in the head-end (1) itself so 
means to classify the user kits into various catego- 
ries depending on the activity that the users dem- 
onstrate, and to obtain this information the head- 
end (1) assigns interrogation SLOTS, POLLING, to 
those users on whose activity it requires information 55 
and these respond in the part of the SLOT allocated 
to them when they have information to send. 



16. PROCESS FOR MULTIPLE ACCESS AND MUL- 
TIPLE TRANSMISSION OF DATA POINT TO 
MULTIPOINT OVER THE ELECTRICITY NET- 
WORK, according to Claims 7 and 9, character- 
ized In that when a user kit (A, B, ...X) has data to 
send it waits until a message (SAM) announces that 
one of the following SLOTS is destined for POLL- 
ING or MPR, so that if it receives a POLLING SAM 
the following steps are taken: 

the user kits (A, B, ...X) verifies certain bits in 
the SAM that indicate if it belongs or not to the 
group of users than may use the next POLLING 
SLOT, 

the SAM message indicates the positions in 
which the user kit (A, B, ...X) must reply to the 
resource request, these positions being deter- 
mined by the head-end kit (1) that constantly 
monitors the signal-to-noise ratio and that can 
be seen by user kit (A, B, ...X) in the various 
carriers, available frequencies for the upstream 
communication; 

the POLLING SLOT is divided in various valid 
zones that are small portions of time/frequency, 
and the user kits (A, B, ...X) select the zone in- 
dicated by the SAM so as to avoid a collision of 
petitions; 

- the user kit (A, B, ...X) send a POLLING mes- 
sage in the selected zone; and 
if the said POLLING has been received in the 
head-end kit (1 ), the user kit (A, B, ...X) will later 
receive SAM messages assigning SLOTS; 
while if it has not received them, the user kit (A, 
B, ...X) will have to wait until there is a new 
POLLING SAM; while if it has received an an- 
nouncement of an MPR SLOT in a SAM, the 
user kit (A, B, ...X) will send the MPR message 
in said SLOT where apart from the necessity to 
transmit, rt indicates, preferably, the size of the 
information that it wants to send, the priority the 
QoS required, so said information may be de- 
coded by the header and can be used to opti- 
mise the algorithm for the assignation of arbi- 
trage SLOTS (5); having foreseen that if the 
head-end (1) detects collision it will begin an 
algorithm to resolve this collision or wait for the 
user kits (A, B, ...X) to transmit their petition in 
another M PR SLOT or POLLING, since the ar- 
biter (5) does not grant any data transmission 
SLOT in the following SAM. 

17. PROCESS FOR MULTIPLE ACCESS AND MUL- 
TIPLE TRANSMISSION OF DATA POINT TO 
MULTIPOINT OVER THE ELECTRICITY NET- 
WORK, according to Claims 2, 1 0 and 1 6, charac- 
terized in that in transmission the user kits (A, B, ... 
X) follow the decisions taken by the head-end (1) 
regarding the moment to transmit, the carriers to be 
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used, the type of modulation and other paranneters, 
acxjording to the following process: 

having correctly received the transmission re- 
quests from a user kit (A, B, ...X), the head-end 5 
(1) assigns sufficient time/frequency SLOTS 
starting from an estimation made according to 
the activity, transmission capacity, quality of 
service and other parameters of the user kit (A, 
B, ...X) that made the petition and according to io 
the signal-to-noise ratio monitored in the sub 
channel the arbiter (5) being responsibleforthe 
distribution of SLOTS between the users that 
made the petition to send data with the algo- 
rithm previously mentioned; is 
when a user kit (A, B, ...X) detects, by means 
of demodulation and decoding the SAIVI mes- 
sage that one or more SLOTS are destined for 
it, it undertakes the following operations: 

20 

checks the type of each one of the SLOTS 
assigned and the modulation that must be 
used in each carrier of each SLOT, the 
SAM message being responsible for the 
communication of this information accord- 25 
ing to that assigned by the arbiter (5); 
calculates how many bits it will be able to 
transmit in total, and extracts the data from 
its memory, these being information on da- 
ta, equalization, synchronization, estima- 30 
tion of sound/noise or any other combina- 
tion of these, as is indicated in the SAM 
message assigned to this SLOT; 
waits for the start symbol on the part of the 
SLOT that must transmit and undertakes 35 
the transmission of data with the modula- 
tion selected; 

if any of the SLOTS assigned is of the type 
diversity in time or in frequency, the user 
kit (A, B, ...X) must transmit the modulated 40 

information in secure form, preferable 
QPSK, repeated various times in frequen- 
cy, that is to say, transmitting the same in- 
formation from carrier k in the carriers k+N , 
k-i-2*N, etc, depending on the diversity 45 
used and the carriers assigned, or repeat- 
ed various times at various moments, time 
diversity; 

- if the SLOT is a POLLING or M PR type the 
process previously specified in Claim 1 6 is so 
used. 



18. PROCESS FOR MULTIPLE ACCESS AND MUL- 
TIPLE TRANSMISSION OF DATA POINT TO 
MULTIPOINT OVER THE ELECTRICITY NET- 55 
WORK, according to Claimi , characterized in that 
the CDMA multiplexing, already referred to, in- 
cludes a frequency hopping method that if applied 



to the carriers then the user kits (A, B, ...X) in the 
moment of transmission only use some of the car- 
rier according to a sequence that indicates at each 
instant the carriers that may be used to send infor- 
mation, this sequence being predefined and being 
capable of being generated by a pseudorandom se- 
quence whose seed is communicated by means of 
SAM messages, while if the said method is applied 
to the subchannels, the sequence is used to indi- 
cate to the user kit (A, B, ...X) which sub channel 
must be used to transmit at each moment in time. 

19. PROCESS FOR MULTIPLE ACCESS AND MUL- 
TIPLE TRANSMISSION OF DATA POINT TO 
MULTIPOINT OVER THE ELECTRICITY NET- 
WORK, according to Claim 3, characterized in 

that the information packet headers send by the 
SLOTS in the upstream connection are modulated, 
preferably with modulations that for decoding have 
low signal-to-noise ratio requirements, such as 
DPSK, differential phase modulation, and/or QPSK, 
phase modulation in quadrature, along with correc- 
tion codes/ error detection and frequency diversity, 
sending of the same information over distinct carri- 
ers, and/or time, sending the same information at 
different moments, to increase the probability of 
correct decoding. 

20. PROCESS FOR MULTIPLE ACCESS AND MUL- 
TIPLE TRANSMISSION OF DATA POINT TO 

MULTIPOINT OVER THE ELECTRICITY NET- 
WORK, according to Claims 3 and 19, character- 
ized in tliat the headers, include all the information 
necessary on the corresponding information pack- 
et, such as information on packet type, use of fre- 
quency and/or time diversity, the modulation used 
to modulate the information in the packet, for exam- 
ple all carriers in QPSK or all carriers with the con- 
stellation fixed for a determined error rate in function 
of the signal-to-noise ratio on the channel after each 
user has been negotiated with the head-end, and 
the FEC redundancy, code correction redundancy/ 
error detection, with which the information in the 
packet is protected, among others. 

21. PROCESS FOR MULTIPLE ACCESS AND MUL- 
TIPLE TRANSMISSION OF DATA POINT TO 
MULTIPOINT OVER THE ELECTRICITY NET- 
WORK, according to Claim 3, characterized in 

that it includes a series of controls to maximize the 
signal-to-noise ratio for all users without penalizing 
any of the them during the transmission thereby al- 
lowing multiple access in the same OFDM symbol 
and in the upstream connection and the transmis- 
sion of multiple information packets simultaneously 
in the downstream connection; said controls being: 

control of the injected power for each user kit 
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(A, B, ...X); 

control of the time window for eacli user kit (A, 
B, ...X); 

control of the sample frequency, that is the syn- 
chronization in frequency of the user kits (A, 5 
B, ...X). 

22. PROCESS FOR MULTIPLE ACCESS AND MUL- 
TIPLE TRANSMISSION OF DATA POINT TO 
MULTIPOINT OVER THE ELECTRICITY NET- io 

WORK, according to Claim 21, characterized in 

that automatic gain control and/or a power mask is 
used on these controls on the injected power by 
which the signals from the users kits (A, B, ...X) ar- 
rive at the head-end (1) with approximately the is 
same power, so that one can work with converters 
A/D, analog/digital, with few bits without loosing the 
signal-to-noise ratio in reception. 

23. PROCESS FOR MULTIPLE ACCESS AND MUL- 20 
TIPLE TRANSMISSION OF DATA POINT TO 
MULTIPOINT OVER THE ELECTRICITY NET- 
WORK, according to Claim 21, characterized in 
that the window control is used to control the sig- 
nals from the various users (A, B, ...X) that arrive 25 
at the head-end (1) at the same time, that is, the 
start of all the OFDM symbols sent arrive in the 
same time window at the head-end (1); this control 

is made by means of: 

30 

an adjustment in the open loop that occurs in 
the downstream channel, and which represents 
a rough adjustment in the time window and in 
which each user kit (A, B, ...X) can see that 
packets that arrive via the downstream chan- 35 
nel, and from which the samples that have to 
be delayed/advanced in transmission are ap- 
proximately deduced so that they arrive at the 
head-end (1) at the optimum moment; 
an adjustment in the closed loop that occurs in 40 
the upstream channel and in the downstream 
by means of the SAIVI messages that represent 
a fine adjustment in the time window and in 
which the head-end kit (1) detects and commu- 
nicates the number of samples that must be de- 45 
layed/advanced by the user kit (A, B, ...X) to 
reach the optimum moment for transmission. 

24. PROCESS FOR MULTIPLE ACCESS AND MUL- 
TIPLE TRANSMISSION OF DATA POINT TO 50 
MULTIPOINT OVER THE ELECTRICITY NET- 
WORK, according to Claim 21, characterized In 
that, in the said frequency control and following 
synchronization, each user kit (A, B, ...X) knows the 
sample frequency used by the head-end (1 ), which 55 
it then uses to correct the transmission in the up- 
stream channel so that frequency error in reception 

is null; the following methods are used to correct 



transmission frequency in the users kits (A, B, ...X): 

residual error correction in the carriers by 
means of a rotor, that compensates the rotation 
that each carrier suffers, multiplying each car- 
rier by the complex exponential of the desired 

angle; and 

sample frequency correction by means of a fre- 
quency corrector element, that may consist of 
a resampler in the digital treatment part of the 
system, and/or in the variable oscillator or 
VCXO in the analog part, taking into account 
that if the corresponding clocks are sufficiently 
precise it is not necessary to use said frequency 
corrector element, it being sufficient simply to 
correct the residual error in the carriers with the 
rotor previously referred to. 
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